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(5) Radiation curable composition with high temperature ol resistance. 

@ The present invention relates to a radiation curable composition wtth high temperature oi resistance 
comprising 

isocyanate, 

a ^a^edT)ecry1etad prepdymer of a monomenc or polymeric aromatic innate and 
pdyedW^S^^tunS s 2 and a molecular weight in the range of about 90 to about 7000. 

* "fiVS^rtSLlrt epoxy (meth)acry1ate having a motocular weight of less than about 
1 °(3)' at least one free radical polymeraable monomer and 

greater than about 30 N/mm 2 . 
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The present invention is directed to a radiation curable composition with high temperature oil resistance 
useful in adhesive applications requiring a combination of chemical, temperature and fatigue resistance, in par- 
ticular in the construction of oB and chemical f liters. 

Prior art adhesrves useful in the construction of oil and chemical f Bters are PVC ptastisoJ in nature and 
5 require a heat cure. The radiation curable composition of the present invention offers significant productivity 
improvements oyer the prior art heat cured adhesrves in terms of loweringof cure time. 

As compared with existing UV curable adhesrves, the radiation curable composition of the present inven- 
tion offers a unique combination of temperature resistance, chemical resistance and toughness. 

Accordingly, it is a primary object of the present invention to provide a radiation curable composition which 
10 exhibits at 25°C (i) a T g greater than about 45°C, (ii) an elongation of greater than about 3%, (iii) a tensile 
strength of greater than about 9 N/mm 2 (1300 psi) and (iv) a shear storage modulus of greater than about 30 
N/mm 2 (4300 psi). 

Further objects and advantages of this invention will become apparent from the following descriptive ma- 
terial and illustrative examples, 
f s The present invention provides a radiation curable composition with high temperature ol resistance useful 

in adhesive applications requiring a combination of chemical, temperature and fatigue resistance. 

The present invention relates to a radiation curable composition with high temperature oil resistance com- 
prising 

(1 ) a (meth)acrytated urethane component comprising 

to (a) the reaction product of hydroxyethyt(meth)acrylate and a monomelic or polymeric aromatic iso- 

cyanate, 

(b) hydroxyethyl(methy)acry1ate, and optionally 

(c) a (meth)acryiated pre polymer of a monomelic or polymeric aromatic Isocyanate and at least one 
polycaprolactone polyoi with a functionality 2 2 and a molecular weight in the range of about 500 to 

?s about 3000 or 

(d) a (meth)acrylated prepoiymer of a monomelic or polymeric aromatic isocyanate and at least one 
polyether polyoi with a functionality 2 2 and a molecular weight in the range of about 90 to about 7000, 

or a mixture of (c) and (d), 

(2) an aromatic multifunctional epoxy (meth)acryiate having a molecular weight of less than about 1000, 
30 (3) at least one free radical polymerizabie monomer and 

(4) a free radical photoinitiator, 
which composition exhibits at 25°C (I) a T 8 greater than about 45°C. (ii) an elongation of greater than about 
3%, Oil) a tensie strength of greater than about 9 N/mm 2 (1300 psi) and (iv) a shear storage modulus of greater 
than about 30 N/mm 2 (4300 psi). 

35 The (meth)acryiated urethane component provides the composition with excellent toughness and low 

shrinkage. The (meth)acrytated urethane component is prepared by reacting the monomeric or polymeric ar- 
omatic isocyanate with an excess of hydroxyethyl(meth)acrylate, preferably hydroxy ethyimethacry (ate 
(HEMA), thereby producing components (a) and (b). 

Component (a) is present in an amount ranging from about 50 to about 99% by weight preferably about 

40 80 to about 99% by weight and most preferably about 94% by weight based upon the total weight of component 
(1). 

Component (b) is present in an amount ranging from about 1 to about 50% by weight preferably about 1 
to about 20% by weight and most preferably about 6% by weight based upon the total weight of component 
(D. 

<5 Suitable aromatic isocyanates indude methylene bisK4-isocyanato benzene), toluene diisocyanate. 3.3'- 

toluidine-4.4'-ditsocyanate. 3,3'-dimethyi-dipheny1rr*than^ 1 ,5-<fiisocyanato-naphthalene. 

1 ,4-diisocyanat0-benzene and 1,4- and 1,3-dMisccyanato^imetrry1)-benzene. Preferably, methylene bis-(4- 
tsocyanato benzene) is used. Monomeric aromatic isocyanates are preferred although the polymeric aromatic 
isocyanates are also suitable. The polymeric aromatic isocyanates preferably have a molecular weight of about 

50 250 to about 500, most preferably, about 250 and have a functionality of about 2 to about 3, preferably about 
20. 

The (meth)acryiated urethane component can. in addition to components (a) and (b), further comprise 
component (c), (d) or a mixture thereof. The mixture can be prepared by reacting the aromatic isocyanate and 
the polycaprolactone polyoi and/or the polyether polyoi to form a prepoiymer. The prepoiymer is then reacted 
55 with the hydroxyethyt(meth)acryiate, preferably HEMA. 

The reaction of the polyoi with the aromatic isocyanate is carried out under nitrogen and at a temperature 
of from about 40°C to about 100°C, preferably from about 60°C to about 90°C and most preferably from about 
80°C to about 85°C, for about 2 to about 24 hours depending upon the reaction temperature. Hydroxyethyl- 

2 
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(meth)acrylate is then added to the reaction mixture, preferably with an inhibitor, at the same temperature and 
the reaction is continued for about 3 to about 5 hours. Suitable inhibitors indude butylated hydroxy! toluene, 
hydroquinone, phenothiazine, monomethyietherof hydroquinone, napthaquinone,.benzoquinone and the like. 
Suitable polycaprolactone polyols that can be used to prepare component (c) include any of the known 

5 polycaprolactone pdyols that are commercially available and that are fully described, for example, in U.S. Pa- 
tent No. 3.169,945. As described in this patent the polycaprolactone polyols are produced by the ring-opening 
polymerization of an excess of a caprolactone and an organic polyfunctional initiator having at least two reactive 
hydrogen atoms. The organic functional initiators can be any polyhydroxyl compound as is shown in U.S. Patent 
No. 3,169,945. Illustrative thereof are the diols such as ethylene glycol, diethylene glycol, Methylene glycol, 

10 1,2-propylene glycol, dipropylene glycol, 1,3-propylene glycol, polyethylene glycol, polypropylene glycol, 
pdy(oxyethylene-oxypropylene) glycols, neopentyi glycol, 1,4-cydohexanedimethand, 2,4,4-trirnethyl-penta- 
nediol, 2,2-dimethyl-3-hydroxy-propy1, 2.2-dimethy1-3-hydroxypropionate, and similar pdyalkytene glycols, 
either blocked, capped or heteric, containing up to about 40 or more alkyleneoxy units in the molecule, 3-me- 
thyl- 1.5-pentandiol, cydohexanedid, 4,4'-methylene-bis-cydohexand, 4,4 , -isopropyiidene-bis-cydohexa- 

1 5 nd, xylenedid, 2-<4-hydroxymethyipheny1) ethand, 1 ,4-butanedid, 1 ,6-hexanedid and the like; triols such as 
glycerol, trimethytolpropane, 1,2,6-hexanetrtol, triethandamine, triisopropandamine, and the like, tetrols such 
as erythritd. pentaerythritd. N,N,N',N'-tetrakis.(2-hydroxyethyl)^thy1ene diamine, and the like. 

When the organic functional initiator is reacted with the caprolactone a reaction occurs that can be rep- 
resented in its simplest form by the equation: 



20 
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50 



55 



R l (OH\ + 0 = C-(C(R*>2)4 CHR' 



O R' 

II I 

R r ([O C - (^-CHR'hjj-OH^ 
R* 

In this equation the organic functional initiator is the R,(OH), compound and the caprolactone is the 



0=aC) 4 -CHR- 

lU 

compound. This can be e-caprolactone itself or a substituted caprolactone wherein R' is an alkyl. akoxy. aryl. 
cydoalkyl. aikaryl or aralkyi group having up to twelve carbon atoms and wherein at least sot of the R' groups 
are hydrogen atoms, as shown in U.S. Patent No. 3. 1 69.945. The polycaprolactone polyols that are used are 
shown by the formula on the right hand side of the equation. They can have an average molecular we.ght of 
from about 500 to about 3.000. The preferred polycaprolactone polyol compounds are those having an average 
molecular weight of from about 500 to about 3000. moat preferably from about 800 fo a ^<^J he "** 
preferred are the polycaprolactone did compounds having an average molecular weKjht of from about 800 to 
about 1200 and the polycaprolactone (riot and tetrol compounds having an average molecular we.ght of from 
about 800 to about 1000. In the formula, m is an integer representing the average number of repeating units 
needed to produoethe compound having said molecular weighs. The n y d ^" u ^^; e ^ yrapr ^2°"! 
polyol can Whom about 30 to about 600. preferably from about 100 to about 200. and the polycaprolactone 
can have an average of from about 2 to about 8. preferably 2 to 4, hydroxyl groups. 

Illustrative of polycaprolactone polyols that can be used in the compoattioiwofthisimwtion.onecanmen. 
tion the reacts Preducts of a polyhydroxyt compound having an average from 2to hydroxy groups w*h 
caprolactone. The manner in which these type polycaprolactone polyols .s produced is shown in ^Patent 
No 3.169.945 and many such compositions are commercially available. In the fc Wowing tade , t here are Isted 
fllustrative polycaprolactone polyols. The first column lists the organic functional iniuator that is reacted wrtn 
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the caprolactone polyo! shown in the second column. Knowing the molecular weights of the initiator and of 
t he pdycaproiactone polyol one can readiy determine the average number of molecules of caprolactone (CPL 
Units) that reacted to produce the compounds. This figure is shown in the third column. 



10 



Polvcaprolaaone polvols 



Initiator 



Average 

M w of 

polyol 



Average No. 
of CPL units 
in molecules 



15 



20 



30 



35 



cuiyiene glycol 


290 . 


2 


cmytene glycol 


803 


6.5 


cuiyicne glycol 


2114 


18 


rTopyiene glycol 


874 


7 


vjctyiene glycol 


602 


4 


L^ccaicnc glycol 


801 


5.5 


i^ictnyicnc glycol 


527 


3.7 


Diethylene glycol 


847 


6.5 


Diethylene glycol 


1246 


10 


Diethylene glycol 


1998 


16.6 


Diethylene glycol 


3526 


30 


Triethylene glycol 


754 


5.3 


Polyethylene glycol (MW 200)* 


713 


4.5 


Polyethylene glycol (MW 600)* 


1398 


7 


Polyethylene glycol (MW 1500)* 


2868 


12 


1,2-Propylcne glycol 


646 


5 


1,3-Propylene glycol 


988 


8 


Dipropylene glycol 


476 


3 


Polypropylene glycol (MW 425)* 


835 


3.6 


Polypropylene glycol (MW 1000)* 


1684 


6 



45 



55 



4 
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Polypropylene glycol (MW 2000)* 


2456 


4 


Hexylene glycol 


916 


7 


2-Ethyi- 1,3-hexanediol 


602 


4 


1,5-Pentancdiol 


446 


3 


1 ,4-Cyclohexancdiol 


629 


4.5 


1 ,3-Bis(hydroxyethyl)-benzene 


736 


5 


Glycerol 


548 


4 


1,2,6-Hexanetriol 


476 


3 


Trimethylolpropane 


590 


4 


Trimethylolpropane 


750 


5.4 


Trimethylolpropane 


1103 


8.5 


Triethanolamine 


890 


6.5 


Erythriiol 


920 


7 


Pentaerythritol 


1219 


9.5 


1 ,4-Butanediol 


546 


4.0 


Neopentyl glycol 


674 


5.0 



* Average nxriecuUr weight of glycol 

The structures of the compounds in the above tabulation are obvious to one skiled in the art based on 
the information given. The structure of 7th compound in the table above is idealized as 

O O 
Ha[(CH 2 ) 3 J!oVCH 2 CH 2 OCH2CH2^ol!^CH2)3]rOH 

wherein the variable r is an integer, the sum of r+r has an average value of 3.7 and the average molecular 
weight is 527. The structure of 20th compound in the table above is idealized as 

O O 
Ha[(CH2)3-l!-OJ r KC3H 6 0) n ^3H 6 4(itKCH 2 )3J r OH 

wherein the sum of r*r has an average value of 6 and the average molecular weight is 1 684. This explanation 
makes explicit the structural formulas of the compounds set forth above. 

Pdycaprdcatone hexols suitable for use in the present invention can be prepared by the catalytic poly- 
merization of an excess of pdycaprdactone polyois and a cycloaliphatic epoxide. Illustrative polycaproiactone 
polyois useful in the preparation of porycaprolactone hexols include polycaproiactone diols, polycaproiactone 
triois and the like, including mixtures thereof. Many of these polycaproiactone polyois are commercially avail- 
able from Union Carbide Corporation. Cydoaliphatic epoxides suitable for use in preparing the polycaproiac- 
tone hexols indude 3.4^poxycydohexy1methy1-3,4.epoxycydohexane carboxylate, bis-(3.4-epoxycyclohex- 
yimethyi) adipate, vinyl cydohexene dioxide and the like. Many of these cydoaliphatic epoxides are commer- 
cially avialable from Union Carbide Corporation. A suitable polymerization catalyst is diethyiammonium trif late 
which is commerdaJly available from the 3M Company as FC-520. 

A preferred method for preparation of the polycaproiactone hexds comprises adding one or more poly- 
caproiactone triois to a reactor, heating the pdycaprolactone trids to a temperature of about 100°C and adding 
the catalyst using a nitrogen sparge as soon as the polycaproiactone trids are molten. The pdycaprdactone 
triois and catalyst mixture is then heated to a temperature of from about 150*C to about 200"C and a cycioa- 
liphatic epoxide is added to the mixture. The reaction is carried out for about one hour to about three hows or 



5 



EP 0 530 141 A1 

untfl the oxirane content has been reduced to a nil or almost a n3 value. A modification of this process can 
involve initially adding all of the ingredients into the reactor. A further modification of this method can involve 
a vacuum treatment of from 10 to 30 minutes after the catalyst addition and/or the use of a vacuum during the 
heating of the polycaprolactone triols to a molten state. Preferred polycaprolactone hexds have an average 
5 molecular weight of from about 500 to about 3000. 

TONE® 0310 from Union Carbide Corporation is the preferred polycaprolactone poryol. Component (c) 
preferably is the reaction product of methylene bis-<4-isocyanatobenzene) and a polycaprolactone triol. 

The polycaprolactone poiyol is reacted with the aromatic isocyanate, preferably, methylene bis-{4-i$ocya- 
natoberaene), in a molar ratio of about 0.2:1 to about 0.6:1 preferably about 0.3:1 to about 0.5:1, and most 
10 preferably about 0.4:1 to produce the pre polymer of component (c). 

Preparation of a mixture of (a), (b) and (c) is exemplified in reaction scheme 1 (an excess of HEMA is used 
thereby producing (b) which is not shown): 



Reaction Scheme 1: 

tsocyvuto polycaptolaeiana prepolymar 

Primary: 

O O 

O^-N-R-^ilo-R'^il-NH-R.N-C-O + H0CH 2 CH 2 O 2 CCH 2 CH«CH 2 — ^ 
prcpolymcr hydioxyeuiyuncihaciylaie 

O O O O 

acrylic terminated polymer wiin potyurethane backbone 



35 Competing: 



T5 



20 



25 



0»CN.R-N«C«O + HOCH 2 CH 2 0 2 CCH 2 CH«CH 2 
isocyanate hydroxyethylmethacrylate 



■t^-nh-r-nhI! 



H 2 C«HCCH 2 C0 2 CH 2 CH 2 OC^ 
45 

When component (1) contains component (a), (b) and (c), component (a) is present in an amount ranging 
from about 5 to about 35% by weight, preferably about 10 to about 30% by weight and most preferably about 
23% by weight based upon the total weight of component (1). Component (b) is present in an amount ranging 
from about 1 to about 20% by weight preferably about 1 to about 1 0% by weight and most preferably about 
50 6% by weight based upon the total weight of component (1). Component (c) is present in an amount ranging 
from about 50 to about 90% by weight preferably about 70 to about 80% by weight and most preferably about 
71 % by weight based upon the total weight of component (1). 

Component (1 ) may further include, in addition to or in lieu of component (c), a (meth)acrytated pre polymer 
of a monomelic or polymeric aromatic isocyanate and at least one poryether poiyol with a functionality of a 2 
55 and a molecular weight in the range of about 90 to about 7000 (i.e. component (d)). 

Suitable polyether poryols include alkyfene oxide adducts of polyhydroxyalkanes, alkylene oxide adducts 
of non-reducing sugars and sugar derivatives and the polyols from natural oila such as caster ol and the like. 

Illustrative alkylene oxide adducts of pdyhydroxyaikanes include, among others, the alkylene oxide ad- 
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ducts of ethylene glycol, propylene glycol, 1,3-dihydroxypropane, 1,3-dihydroxybutane, 1,4-dihydroxybutane, 
1,4-, 1,5-, and 1 ,6-dihydroxyhexane. 1,2% 1.3% 1,4-, 1,6-, and 1,8-dihydroxyoctane, 1,10-dihydroxydecane. 
glycerol, 1 Z4-trihydroxybutane, 1,2,6-trihydroxyhexane, 1,1,1 -trimethytolethane, 1,1,1-trimethyiol propane, 
pentaerythritol, polycaproiactone, xytitol. arabitol. sorbitol, mannitol, and the like. A preferred class of alkyiene 

5 oxide adducts of potyhydroxyalkanes are the ethylene oxide, propylene oxide, butyiene oxide, or mixtures 
thereof, adducts of trihydroxyalkanes. 

A further class of polyether polyols which can be employed are the alkyiene oxide adducts of the non- 
reducing sugars, wherein the alkyiene oxides have from 2 to 4 carbon atoms. Among the non-reducing sugars 
and sugar derivatives contemplated are sucrose, aikyl glycosides such as methyl glucoside, ethyl glucoside, 

10 and the like, glycol glycosides such as ethylene glycol glucoside, propylene glycol glucoside, glycerol gluco- 
side, 1 ,2,6-hexanetriol glycoside, and the like, as well as the alkyiene oxide adducts of the alkyi glycosides as 
set forth in U.S. Patent No. 3,073,788. 

The polyols described hereinabove can have hydroxy! numbers which vary over a wide range, in general, 
the hydroxy! numbers of the above described polyols employed in this invention can range from about 15, and 

is lower, to about 900, and higher. The hydroxy! number is defined as the number of milligrams of potassium hy- 
droxide required for the complete neutralization of the fully phthalated derivative prepared from 1 gram of poiy- 
ol. The hydroxy! number can also be defined by the equation: 

OH={(56.1 x 1000 x/ym.w.] 

where 

20 OH = hydroxy! number of the poiyd, 

/ = functionality, that is, average number of hydroxy! groups per molecule of polyol and 
m.w. ■ molecular weight of the polyol. 
Further polyether polyols which are suitable for the preparation of component (d) indude 
poly(oxypropy!ene)-poly(oxyethylene) block copolymers and nitrogen containing polyether polyols such as 
23 poly(oxyethytene)-poly(axypropyiene) block copolymers with ethylenediamine. 

The polyether polyols described hereinabove can be prepared by conventional methods and are commer- 
cially available from a number of manufacturers. The preferred polyether polyols are po»y(oxypropylene>- 
pdy(oxyethyiene) block copolymers. 

The polyether polyol is reacted with the aromatic isocyanate, preferably, methylene-bis-4 (-isocyanato- 
30 benzene), in a molar ratio of about 0.1:1 to about 0.8:1, preferably about 0.1:1 to about 0.3:1 mole, and most 
preferably about 0.2:1 to produce the prepoiymer of component (d). 

Preparation of a mixture of (a), (b) and (d) is exemplified in reaction scheme 2 and and preparation of a 
mixture of (a), (b), (c) and (d) is exemplified in reaction scheme 3 as follows (an excess of HEMA is used thereby 
producing (b) which is not shown): 

35 

Reaction Scheme 2: 



— > 0=C=N-R-NH 



0-ON-R.N«00 «■ HO-R--OH — > 0=C=N-R-hm-0>-R"-OC-NH.R.N«C-0 
bocyanatn polycthc* prepoiymer 

poiyd 



45 Primary: 

O O 

0^=N-R^Jo-R--ol!-NH-R-N-C-0 + HOCH^HtO^CHtCH-C^ — > 
50 prepoiymer hydroxyethylmethjcryUie 

o. o o o 

H^hHCT^CO^zCHtoI!^ 
55 acrylic terminated polymer with polyureUtane backbone 
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Competing: 



(KcN.R-N-00 * HOCHjCH^OjCCHjCH^j 
isocyenue hydroxyedylmohacryUie 

O O 



to 

Reaction scheme 3: 

0 0 

3 0=C»N-R : N-C-0 + HO-R--OH > <X:-K-R.NHi!o-R-ol!.NH.R.N-00 



O O 

20 0=ON-R.N«C=0 * HO-R--OH > 0-C^.R-NH^a.R--cJ!-NH.R.N=CrO 

bocysuto polyemcr prepolymer 

polyol 

25 Primary: 

O-C-N-R-NH Jo-R'-of-NH-R-N-C-O + H0CH 2 CH 2 O 2 CX^ 2 CH-CH2 — > 
30 prepolymer hydroxyeihylrocthaqyUie 

o o o o 

nxylk teraim*ied polymer with poiyurethanc backbone 
0 O 

0^«N4l-WlJ!b.R-^.NH.R.hW:-0 + HOCH 2 CH 2 0 2 CCH2CH=CH2 — > 
prepolymer hydroxyethylraethacryUie 

o o o O 

HjC-HCCHjTO^jCHjO^ 
acrylic temunaicri polymer with polyureUuae backbow 

Competing: 

O^C^-R-N-OO * HOCH2CH2O2CCH2CH-CH2 — ^ 
isocymite hydroJiyeUiylmethaayUie 



35 
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45 



55 



H2C«HCCH2C02CH2CH 2 oi!. NH-R- NhH-OCH2CH202CCH2CH«CH2 

When component (1) contains components (a), (b) and (d), component (a) is present in an amount ranging 
from about 10 to about 30% by weight preferably about 20 to about 30% by weight, and most preferably about 
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w 



15 



20 



23% by weight, based upon the total weight of component (1). Component (b) is present in an amount ranging 
from about 1 to about 20% by weight, preferably about 5 to about 15% by weight and most preferably about 
6% by weight, based upon the total weight of component (1). Component (d) is present in an amount ranging 
from about 50 to about 90% by weight, preferably about 60 to about 90% by weight, and most preferably about 
71 % by weight, based upon the total weight of component (1). 

When component (1 ) contains components (a), (b), (c) and (d), component (a) is present in an amount rang- 
ing from about 10 to about 50% by weight, preferably about 20 to about 30% by weight and most preferably 
about 23 % by weight based upon the total weight of component (1 ). Component <b) is present in an amount 
ranging from about 1 to about 20% by weight preferably about 5 to about 15% by weight, and most preferably 
about 6% by weight based upon the total weight of component (1). Component (c) is present in an amount 
ranging from about 1 to about 1 0% by weight preferably about 1 to about 5% by weight and most preferably 
about 3% by weight based upon the total weight of component (1). Component (d) is present in an amount 
ranging from about 25 to about 75% by weight preferably about 50 to about 75% by weightand most preferably 
about 68% by weight based upon the total weight of component (1 ). 

Component (1 ) preferably includes components (a), (b). (c) and (d), In a particularly prefer red embodiment 
component (1 ) comprises 

(a) the reaction product of hydroxyethytmethacrylate and methylene bis-<4-isocyanato benzene). 

(b) hydroxyethylmethyacrylate. 

(c) a methaaylated prepolynw of methylene biM4-isocyanato benzene) and at least one pdycaprolac- 
tone polyol with a functionality s 2 and a molecular weight in the range of about 500 to about 3000, and 

(d) a methacr ytated prepolymer of methylene bis(4-isocyanato benzene) and at least one poiyether polyol 
with a fundiondity s 2 and a molecular weight in the range of about 90 to about 7,000. 

Suitable aromatic multifunctional epoxy (methy)acrylal8S Include virtually all aromatic epoxy resins con- 
taining on average at least two 1.2-epoxy groups per molecule which can be (melh)acrylated by methods well 

23 *• known in the art 

Illustrative examples of such aromatic multifunctional epoxy rosins are: 
Polyglycidyl and pdy(p-methylglyddyl) ethers which may be obtained by reacting a compound containing at 
least two phenolic hydroxy! groups in the molecule with epichlorohydrin. glycerol dichlorohydrin or with Me- 
thyl epichlorohydrin under alkaline conditions or in the presence of an add catalyst and subsequent treatment 

30 with an alkali. Illustrative of compounds containing at least two phenolic hydroxy! groups in the molecule are 
alcohols containing aromatic groups such es N.N-biM2-hydroxyethyl)anyine or p.p'-bia^-hydroxyethytam,- 
no)diphenylmethene. or mono- or polynudear polyphenols such es resordnd, hydroqu.none, b.s(4-hydroxy- 
phenyl)methane. 2.2-biH4-hydroxyphenyt)propane. brominated 2 **^^"**ZZVZ£s 
hydroxypheny.) ether. biM4-hydroxyphenyl)su.fone, 1,1.Z2-tet«k«s(4.hydroxyphenyO 

3$ Which are obtainable by condensation of aldehydes such as formaldehyde. aceWdehyde. chloral or furfural- 
dehyde with phends or alky*- or halogen-substituted phends such aa phend. the above deacnbed bephenols. 
2-or4-methylphend.4-tert-butylphend^ 

Pdy(N-glycidyl) compounds which may be obtained by dehydrochlorinat«g the read™ products of e P , 
chlorohydreV with amines which contain at least two amino hydrogen atoms. Amines from which thes< .epoxy 

« resins are derived are. typically, aromatic amines such as aniline, p^duidin.. ^^^T^ 
bis-<4-amir*phenyl)ether. bis-» (-amiirophenyljsulfone. 4.4'-diaminob.phenyl or 3.3'-d.afn,nob.pheny1. or aral- 

nt^y^ 

« -ever, to use epoxy resins „ which the 1 Jot wm 

hetero atoms or functional groups. These compounds comprise, for examda. th* N.N.O-tnglycriyl derivative 
JtTX lh. STn O-trSydoyl derivative of 3-aminophend or the glycidy. ether/glyady. ester of sal- 

^Stred aromatic multifunctiona. epoxy (meth)acrylates fcdude acrylatedd^yddyl ether bispheno, 
» acryiated epoxy novdacs. amino modify bisphend Aepoxy acrylates. rubber modified acrylated epoxies and 

fatty acid modified epoxy acrylates. ,h«,Mntnahaut 60% bv 

The aromatic multifunctiona. epoxy (meth)acrylaf is present m a range d ^ about 10 to about 60 by 

weioht preferably about 10 to about 40% by weight most preferably about 20 to about 30% by Wj- 
AtleastoT^ 

55 monomera indude vinylic coreactants such as N-viny. pyrrdidone. N-vinyl caprolactam and N£d meth* cry- 
SdTaLene glyco i vinyl ethera. vinyl iduene. styrene. divinyl benzene and the like, acrylates and metha- 
ethylene glycd dinWacrylate. isobornyl acrylate. phenoxyethy I aaylat.. "g^"* 
TnacryTates of pdyois such as trimethyid propane trimethacryiate and pentaerythntd tnacrylate. allyi-c com- 
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pounds such as triailyt isocyanurate, diaiiyiphthaiate. tetraaliyl pyromeUitate, o,o'-dially bisphenol A. eugenol, 
ary! aJlyl ethers such as. the diaUyi ether of bisphenol A, acrylic ester with 3-<2-hydroxyethyf).2-oxazolidQne! 
2-propenoic acid-2 -{f>methy1 ethoxy carbonyljamino] ethyl ester and the like. N-vinyl pyrrolidone, N-vinyi 
caprolactam, acrylic ester with 3-{2-hydroxyethyl)-2-oxazQlidone, 2-propenoic acid-2-[[1 -methyl ethoxy car- 
5 bonyfjamino] ethyl ester N t N-dimethylacryiamide and phenoxyethyt acrylate are preferred. 

The free radical polymerizable monomer is present in an amount of from about 5 to about 40% by weight 
preferably about 1 0 to about 30% by weight, most preferably about 20 to about 30% by weight 

Illustrative of suitable free radical photoinitiators for use in the composition according to the present in- 
vention are 2 J-diethyloxyacetophenone, 2- or 3- or 4-bromoacetophenone, 3- or 4-allyiacetophenone, 2-acet- 

10 onaphthone, benzaldehyde, benzoin, the aikyi benzoin ethers, benzophenone, benzoquinone, 1-chloroanthra- 
quinone, p-diacetyl- benzene, 9. 1 O-dibromoant hracene, 9,1 (Wichloroant hracene, 4,4-dichlorobenzoprienone, 
thioxanthone, 2-chlorothioxanthone, methylthioxanthone, ououa-tnchloro-para-t-butyt acetophenone. 4-me- 
thoxybenzophenone, 3-chloro-8-nonylxanthone, 3HOdo-7-methoxyxanthone, benzaldehyde, carbazole, 4- 
chloro-4'-benzyl-benzophenone, fluorene. fluoreneone, 1,4-naphthylphenylketone, 2,3-pentanedione, 2,2-di- 

15 seobutoxy acetophenone, dimethoxyphenyi acetophenone, propiopheneone, chlorothioxanthone, xanthone 
and the like, or mixtures of these. The foregoing 1st is meant to be illustrative only and is not meant to exclude 
any suitable photoinitiators known to those skilled in the art Preferably, the photoinitiator used is dimethoxy 
phenyl acetophenone. The photoinitiator is present in an amount of from about 0.1 to about 5.0 % by weight 
preferably about 0.1 to about 3.0 % by weight most preferably about 1 to about 3 % by weight 

20 Those skilled in the art of photochemistry are fully aware that photoactivators can be used in combination 
with the aforementioned photoinitiators and that synergistic effects are sometimes achieved when such com- 
binations are used, Photoactivators are well known in the art and require no further description to make known 
what they are and the concentrations at which they are effective. Nonetheless, one can mention as illustrative 
of suitable photoactivators, methytarrtine t tn'butytamine, methyidiethanoiarntne, 2-ammoethyiethanolarnine , 

25 allylamine, cyclohexylamine, cyciopentadienylamine, diphenylamine, ditoiyiamine, trixylyf amine, tri benzyl a- 
mine. n-cydohexyt-et hyien imirm, piperidine, N-methylpiperazine, 2,2-dimethyl- 1,3-bis(3-N-morpholinyl) pro- 
pionyloxypropane, and the like, or any combination of these. 

The compositions of this invention can also be cured upon exposure to any source of radiation emitting 
actinic radiation at a wavelength within the ultraviolet spectral region. Suitable sources of radiation include 

30 mercury, xenone, carbon arc lamps, etc Exposures may be from less than about 1 second to 10 minutes or 
more depending upon the amounts of particular polymerizable materials and photoinitiator being utilized and 
depending upon the radication source and distance from the source and the thickness of the coating to be 
cured. The compositions may also be photo polymerized by exposure to electron beam radiation. Generally 
speaking the dosage necessary is from less than 1 megarad to 100 megarads or more. 

35 The compositions of the invention may also contain other conventional modifiers such as extenders, fillers 

and reinforcing agents, pigments, dyestuffs, organic solvents, plasticizers, tacfciflers, rubbers, diluents, and 
the like. As extenders, reinforcing agents, f Biers and pigments which can be employed in the compositions ac- 
cording to the invention there may be mentioned, for example, glass fibers, glass balloons, boron fibers, carbon 
fibers, cellulose, polyethylene powder, polypropylene powder, mica, asbestos, quartz powder, gypsum, anti- 

40 mony trioxide, bentonee, talc, silica aerogel f Aerosil"), fumed sflica, lithopone, barite, calcium carbonate, tita- 
nium dioxide, carbon black, graphite, iron oxide, or metal powders such as aluminum powder or iron powder. 
The preferred fillers are glass balloons and sodium potassium aluminum siicate. It is also possible to add other 
usual additives, for example, agents for conferring thixotropy, flow control agents such as siicones, cellulose 
acetate butyrate, polyvinyl butyral. staarates and the like. 

45 A vertical type high-speed agitator, kneading machine, roll machine, ball mill or any other suitable mixing 
and agitating machine may be used for dispersion of the components of the composition of the present inven- 
tion. . 

The radiation curable composition of this invention exhibits at 2S°C (i) a Tg greater than about 45°C, (ii) 
an elongation of greater than about 3%, (i8) a tensile strength of greater than about 9 N/mm 2 and (iv) a shear 
50 storage modulus (G*) of greater than about 30 N/mm 2 . Preferred compositions are those which exhibit at 25°C 
(i) a Tg between about 50°C and about 1 20°C, (ii) an elongation between about 3% and about 8%, (iii) a tensile 
strength between about 13.8 N/mm 2 and about 20.7 N/mm 2 and (iv) a shear storage modulus (G') between 
about 30 N/mm 2 and about 300 N/mm 2 . 

The radiation curable composition of this invention is particularly suitable in adhesive applications requir- 
55 ing a combination of chemical, temperature and fatigue resistance, in particular in the construction of oil and 
chemical f Iters, due to their flexibility, impact resistance, hardness, thermal resistance, chemical resistance, 
fatigue resistance and adhesion to rigid, resilient and flexible substrates! such as metal, plastic, glass, rubber, 
paper, wood and ceramics. 

10 
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The following examples serve to give specific illustration of the practice of this invention but they are not 
intended in any way to act to limit the scope of this invention. 

Example 1: 

This example illustrates the preparation of a typical mixture of acrylates urethanes (Component 1) with 
the addition of N-vinyl pyrrolidone: 



10 



15 



20 



30 



40 



45 



Reactants % bv weight 

PLURACOL® P220 56.11 

(polycther polyol from BASF, Parsippany, N J.) 

MONDUR® M Flaked MDI 17.455 

(1,1 -methy lene-bis-4-isocy anatobcnzcnc 

from Mobay, Pitsburg PA) 

TONE® 03 10 polycaprolactonc trioi 2.65 
(Union Carbide Corporation) 

BHT Intennediate 14.695 

(mixture of hydroxyethy lmethacrylate and butylated 

hydroxyl toluene in a 99.601 to 0.309 ratio) 

N-vinyl pyrrolidone 9.09 

The reaction vessel is cleaned, dried and deairated by drawing a vacuum and releasing the vacuum with 
nitrogen. The temperature is set to 71 °C. With a niliogen purge, the 1,1^ethytene-bis-(4-i3ocyanat0benzene) 
is charged to the reaction vessel. After aJ) the 1,1-rriethylene-bM4-iswyariatobenzene) has been added to 
the reaction vessel, a non-metalic paddle is used to evenly distribute the flakes at the bottom of thereaction 
vessel to rr»ILAfterthe1.1-niethyer^biM4-iaocyanatobenzene) is li<^id.thepolyetherpc)lyohsqu,ckly add- 
ed to the reaction flask with the agitator set on high. The polycaprolactone trial is then added. Thereactton s 
allowed to exotherm to 82»C or the reaction is heated and maintained between 7g-85»C. The reaction « con- 
tinued untO the NCO content is leas than 6.60%. The nitrogen blanket is then removed, the temperature s 
maintained between 79-S2*C and the BHT intermediate is added in three equal portions ^ ^| nu ^ , "^ e T'^ 
The reaction is continued untl the NCO content is less than 0.30%. N-vin* pyrmlKtone e then added to the 
reaction mixture, the agitator is reduced to low and the reaction mixture strred for 30 minutes. The reaction 
mixture is then cooled to between 63-68 °C. 

Example 2: 

This example illustrates the preparation of another typical mixture of aerylated urethanes (Component 1 ) 
using the procedure set forth in Example 1 : 



so 



53 
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15 



Rcactants 

PLURACOL® P220 

(polyethcr polyol from BASF, Parsippany, N J.) 

MONDUR® M Flaked MDI 

(1,1 -mcthy lcne-bis-4-isocy anatobenzenc 

from Mobay, Pitsburg PA) 

TONE® 0310 polycaprolactone triol 

(Union Carbide Corporation) 

BHT Intermediate 

(mixture of hydroxyethylmethacrylate and butylated 
hydroxyl toluene in a 99.601 to 0.309 ratio) 



% by weipht 

61.5 

19 

3 

16.5 



20 Examples 3-7: 

These examples liustrate the preparation of typical compositions of the present invention. The formulations 
are provided in Table 1 and the chemical and physical properties of the cured products are provided in Tables 
2 (ail percentages are on a weight basis unless indicated other wise): 

25 



35 



Table 1 
















Exanroles 






Reactants* 


3 


4 


5 


6 


7 


Example 1 


55.0 


44.0 


64.9 


88.6 


59.4 


EBECRYL ®3700 


20.0 


30.0 


10.0 






NVP 




1.0 


4.1 


2.4 


3.0 


PEA 


13.0 


13.0 








TMPTA 


10.0 


10.0 


10.0 






IRGACURE®651 


2.0 


2.0 


1.0 


2.5 


3.0 


IBOA 






10.0 


4.5 


6.7 


IDA 








2.0 





43 



50 



* Description of Reacums 
Example] 
EBECRYL ®3700 
NVP 



Component 1 wua 9.09% N-*inylpyrroli<kme 

Acryiaied epoiy from Radcuns Specialties Louisville, Ky 

N-vinylpyrrolidane 



55 
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15 



X 



PEA 
TMPTA 

IRCACURE ®651 

BOA 

IDA 



Phcnoxyethyi acrylaxe 

Trbncthyto lp fo piM triscrylaie - Agefle* TMPTA from CPS Chemical 
dimethoxyphenyl acetophenone from C3B A-GEIGY Corporation, Ardsley, N.Y. 
Isobomyl aery late 
Lsodecyl acrylAe 



The formulations are cured using the following conditions: 
Radiation Wavelength: 

Cure Time: 

Distance Source from Specimen: 
Total Cure Dose: 
Shore D Hardness: 
Refractive Index (23°C Uncured): 
Gardner Colon 



Fusion Systems D Bulb 
(Rockville, MD) 
90 seconds 

53 mm (Focus of the reflector) 

4.32 W/cm 2 

65-75 

1J05-1.515 
<1 



25 



30 



35 



Table 2 



40 



Example 



Physical Property 


3 


4 


5 


6 


7 


T g • l°CJ 


111 


119 


136 


120 


94 


Elongation * [%] 


S 


3 


7 


46 


36 


Tensile Strength * [N/rnm 2 ] 


14.4 


18.6 


8.9 


11.3 


15.2 


Young's Modulus [N/mm 2 ] 


503 


979 


338 


83 


221 


Shear Storage Modulus 


262 


296 


241 


76 


138 


(at 25°C [N/mm 2 ]) 












Shear Storage Modulus 


14 


14 


21 


0.7 


7 


(at 150°C [N/rnm 2 ]) 












Shear Loss Modulus- 


21 


23 


21 


7 


14 


(at 25°C [N/mm 2 ]) 












tan8(25°C) 


0.0744 


0.0861 


0.0832 


0.0111 


0.01 



50 



*TheT g «d«wminedbyrheok>sy using a Rheornetrics RDA 700. The percent elongation and tensile strength are 
measured using ASTM procedure D6 33-86. 



Claims 

W 1. A radiation curable composition with high temperature oil resistance comprising 

(1 ) a (meth)acrylated urethane component comprising arnmarir ^ 

(a) the reaction product of hydroxyethyl(meth)aayiate and a monomenc or pdymenc aromatic .so- 
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cyanate and 

(b) hydroxyethyl(methy)acryiate, 

(2) an aromatic multifunctional epoxy (meth)acryiate having a molecular weight of less than about 
1000, 

(3) at least one free radical poiymerizaWe monomer and 

(4) a free radical photoinitiator, 

which composition exhibits at 25°C (i) a Tg greater than about 45°C, (ii) an elongation of greater than about 
3%, (iii) a tensile strength of greater than about 9 N/mm 2 and (iv) a shear storage modulus of greater than 
about 30 N/mm 2 . 

2. A radiation curable composition according to daim 1 wherein component (a) is present in an amount rang- 
ing from about 50 to about 99% by weight preferably from about 80 to about 99% by weight most pre- 
ferably in an amount of about 94% by weight based upon the total weight of component (1 ), and compo- 
nent (b) is present in an amount ranging from about 1 to about 50% by weight preferably from about 1 to 
about 20% by weight most preferably in an amount of 6% by weight based upon the total weight of com- 
ponent (1). 

3. A radiation curable composition according to claim 1 wherein said aromatic iso cyan ate is selected from 
the group consisting of methylene bis-<4-tsocyanato benzene), toluene diisocyanate, 3,3'-toluidine-4,4'- 
ditsocyanate, 3,3'^imethyi-diphenylmethane-4,4'-diisocyanate, 1,5-ditsocyanato-naphthalene, 1,4-dtt- 
socyanato- benzene and 1.4- and 1 ,3-d4*isocyanato-dimethyi)-benzene. 

4. A radiation curable composition according to daim 1 wherein said aromatic isocyanate is monomelic me- 
thylene bis-(4-isocyanato benzene). 

5. A radiation curable composition according to daim 1 wherein component (a) is the reaction product of 
hydroxyethytmethacrytate and methylene bia-<4-isocyanato benzene) and is present in an amount of 94% 
by weight based upon the total weight of component (1), and component (b) is hydroxyethylmethacryiate 
and is present in an amount of 6% by weight based upon the total weight of component (1). 

6. A radiation curable composition according to claim 1 wherein component (1) further comprises (c) a 
(meth)acryiated prepolymer of a monomelic or polymeric aromatic isocyanate and at least one poiycap- 
rolactone pot yd with a functionality 2 2 and a molecular weight in the range of about 500 to about 3000. 

7. A radiation curable composition according to daim 6 wherein component (a) is present in an amount rang- 
ing from about 5 to about 35% by weight preferably from about 1 0 to about 30% by weight most preferably 
in an amount of about 23% by weight based upon the total weight of component (1), component (b) is 
present in an amount ranging from about 1 to about 20% by weight preferably from about 1 to about 1 0% 
by weight most preferably in an amount of about 6% by weight based upon the total weight of component 
(1), and component (c) is present in an amount ranging from about 50 to about 90 % by weight preferably 
from about 70 to about 80% by weight most preferably in an amount of about 71 % by weight based upon 
the total weight of component (1 ). 

8. A radiation curable composition according to daim 6 wherein component (a) is the reaction product of 
h ydroxyet hylmet hacrytate and methylene bis-< 4- isocyanate benzene) and is present in an amount of 23% 
by weight based upon the total weight of component (1), component (b) is rrydroxyethyimethacrytate and 
is present in an amount of 6 % by weight based upon the total weight of component (1), and component 
(c) is the reaction product of methylene bis-(4-isocyanatobenzene) and a polycaprolactone triol and is 
present in an amount of about 71 % by weight based upon the total weight of component (1). 

9. A radiation curable composition according to daim 1 wherein component (1) further comprises (d) a 
(meth)acryiated pre polymer of a monomelic or polymeric aromatic isocyanate and at least one poiyether 
potyol with* a functionality s 2 and a molecular weight in the range of about 90 to about 7000. 

1 0. A radiation curable composition according to daim 9 wherein component (a) is present in an amount rang- 
ing from about 10 to about 30% by weight preferably from about 20 to about 30% by weight most pre- 
ferably in an amount of about 23% by weight based upon the total weight of component (1), component 
(b) is present in an amount ranging from about 1 to about 20% by weight preferably from about 5 to about 
1 5% by weight most preferably in an amount of about 6% by weight based upon the total weight of com- 
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ponent (1), and component (d) is present in an amount ranging from about 50 to about 90% by weight 
preferably from about 60 to about 90% by weight, most preferably in an amount of about 71 % by weight, 
based upon the total weight of component (1). 

11. A radiation curable composition according to claim 9 wherein component (a) is the reaction product of 
hydroxyethytmethacrytate and methylene bis-(4-isocyanato benzene) and is present in an amount of 
about 23% by weight based upon the total weight of component (1), component (b) is hydroxyethyime- 
thacrylate and is present in an amount of about 6% by weight based upon the total weight of component 
(1), and component (d) is the reaction product of methylene bis-(4-isocyanatobenzene) and an a 
pdy(oxypropy1ene)-poly(oxyethylene) block copolymer and is present in an amount of about 71 % by 
weight based upon the total weight of component (1). 

12. A radiation curable composition according to claim 1 wherein component (1) further comprises (c) a 
(meth)acrylatod prepdymer of a monomeric or polymeric aromatic isocyanate and at least one polycap- 
rolactone poryd with a functionality a 2 and a molecular weight in the range of about 500 to about 3000 
and (d) a (meth)acrytated prepolymer of a monomeric or polymeric aromatic isocyanate and at least one 
polyether polyol with a functionality a 2 and a molecular weight in the range of about 90 to about 7000. 

1 3. A radiation curable composition according to claim 1 2 wherein component (a) is present in an amount rang- 
ing from about 10 to about 50% by weight preferably from about 20 to about 30% by weight most pre- 
ferably in an amount of about 23% by weight based upon the total weight of component (1), component 
(b) is present in an amount ranging from about 1 to about 20% by weight preferably from about 5 to about 
1 5% by weight most preferably in an amount of about 6% by weight based upon the total weight of com- 
ponent (1), component (c) is present in an amount ranging from about 1 to about 1 0% by weight preferably 
from about 1 to about 5 % by weight most preferably in an amount of about 3% by weight based upon 
the total weight of component (1), and component (d) is present in an amount ranging from about 25 to 
about 75% by weight preferably from about 50 to about 75% by weight most preferably in an amount of 
about 68% by weight based upon the total weight of component (1). 

14. A radiation curable composition according to daim 12 wherein component (a) is the reaction product of 
hydroxyethytmethacrylate and methylene bia-(4-ieocyanato benzene) and is present in an amount of 
about 23% by weight based upon the total weight of component (1), component (b) is hydroxyethylme- 
thacrylate and is present in an amount of about 6% by weight based upon the total weight of component 
(1 ) t component (c) is the reaction product of methylene bts<4-isocyanatobenzene) and a pdycaprdactone 
trid and is present in an amount of about 3% by weight based upon the total weight of component (1), 
and component (d) is the reaction product of methylene bis-<4-isocyanatobenzene) and an a 
poly(oxypropylene)-poly(oxyethyiene) block copolymer and is present in an amount of about 68% by 
weight based upon the total weight of component (1). 

15. A radiation curable composition according to daim 1 wherein said aromatic multifunctional epoxy 
(meth)acrylate is selected from the group consisting of acryiated diglyddyl ether bisphend A, acrytated 
epoxy novdacs. amino modified bisphend A epoxy acrylates. rubber modified acryiated epoxies and fatty 
acid modified epoxy acrylates. 

16. A radiation curable composition according to daim 1 wherein said aromatic multifunctional epoxy 
(meth)acryiate is present in an amount from about 10 to about 60% by weight preferably from about 10 
to about 40% by weight and most preferady from about 20 to about 30% by weight 

17. A radiation curable composition according to daim 1 wherein said free radical pdymerizaWe monomer is 
selected from the group consisting of N-vinyi pyrrdidone. N-vinyl caprdactara acrylic ester with 3-<2 ; hy- 
droxyethyl>-2-oxazdidone, 2-propenoic acid-2Q1 -methyl ethoxy carbonyllaminp] ethyl ester. N.N-dime- 
thylacrylamide and phenoxyethyi acryiate. 

18. A radiation curable composition according to daim 1 wherein said free radk^po^^ 

present in an amount of from about 5 to about 40% by weight preferably from about 10 to about 30 * by 
weight and most preferably from about 20 to about 30% by weight 
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